INTRODUCT ION Low noise operation at high gain is a desirable requirement for photodetectors in optical communication systems. Photomultiplier tube is the photodetector with highest gain at lowest noise of any existing photodetector. However, its large size, high-voltage requirements, and after pulsing [1] limits its usefulness.
2.
THEORY AND DEVICE OPERATION The structure and energy-band diagrams under reverse-bias of an amorphous SAM-DSAPD are illustrated in Fig. 1 and Fig. 2 respectively. The device consisted of alternating layers of a-Si and a-SiC. When an electron enters the narrow bandgap material, a-Si, from the wider bandgap material, a -SiC, its kinetic energy is increased by the conduction band offset ∆E c . The electron essentially "sees" a reduced ionization threshold energy.
Since the impact ionization rate depends exponentially upon the threshold energy, the electron can more readily impact ionize. Therefore, if ∆E c is substantially larger than ∆E v , it is expected that the electron ionization rate would be much larger than the hole ionization rate.
3.
FABRICATION PROCESS We use an ITO-coated Corning 7059 glass plate as the substrate. After cleaning process, the substrate was put into a PECVD system to deposit various amorphous films on the substrate, as shown in Fig.1 . Right hand side in fig.1 shows the flow rate of process gas. Then the Al electrodes (250 nm) were deposited on the top n + -a-Si:H layer to serve as an ohmic electrode through the use of an E-beam coater. The diameter of the electrode defined by the circular metal mask was 1.2 mm, i.e., the device area was 1.13×10 -2 cm 2 . The sample was put into a rapid thermal annealing (RTA) system. The RTA chamber was filled with H 2 and kept at 1 atm. The raising rate of temperature was set to be 10 O C/s, then, the temperature was maintained at 300 O C for 10 minutes. Finally, the chamber was cooled down to room temperature naturally. With an annealing process, not only a better ohmic contact between the amorphous layer and external electrode would be obtained, but also the quality of the amorphous films became better since the hydrogen atoms might be attached to the dangling bonds in amorphous films.
4.
Experimental Results Fig. 3 gives the dark current and the photo-current with the incident power of 10 µ W at a incident wavelength of 0.45 µ m under vary biased condition, where open circles indicate photo-current and filled squares indicate the dark current, respectively. The variation of the photo-current for the applied voltage smaller than 12V and the dark current for the applied voltage smaller than 14 V could be due to the trapping and de-trapping effect of the trapping center in a-Si:H and a-SiC:H material. Fig. 3 also presents the optical gain vs. applied voltage for the proposed SAM-DSAPD. As the applied voltage > 12 V, the optical gain starts to exceed 1, where the optical G is defined as G = (I ph /q)/(P in /hv), where the I ph indicates the photo-current, q carrier charge, P in incident power, h plank constant, and v incident wavelength, respectively. Optical gain higher than 1 is primarily due to the impact ionization process described previously. A maximum optical gain of 231 can be obtained when the applied voltage = 35 V. 
CONCLUSIONS
The amorphous SAM-SAPD with additional p-i(a -SiC)-i-n(a-Si) layers in the substage of superlattice multiplication region had the higher optical gain, which would generate a higher output current when the devices were operated near the breakdown voltage. Using a higher electric -field and/or energy-band edge discontinuity in the multiplication region would improve the performance of an APD. Fig. 1 the schematic cros-section along with the gas flow-rates for the amorphous SAM -DSAPD with additioal p-i a-SiC:H i-n a-Si:H layers in a substage of superlattice (3 stages as given). 
